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Femoro-acetabular impingement (FAI) is defined as abnor-
mal abutment between the femoral head, or the femoral
head–neck junction, and the acetabulum.1 It was initially
described by Myers et al. in 1999, who noted abnormal abut-
ment between the femoral neck and the acetabular rim in a
cohort of patients undergoing peri-acetabular osteotomy. In
the ensuing decade, FAI has become the subject of a large
number of studies examining the anatomical, clinical, and
radiological features of FAI, and outcomes of various meth-
ods of surgical management. FAI has been shown to be
responsible for a large proportion of tears of the acetabular
labrum – a major cause of hip pain in young adults.2

Furthermore, it is now established that FAI is a major aeti-
ological factor in the development of osteoarthritis of the
hip, a condition which is expected to become increasingly
prevalent in the coming years.3,4

A number of conditions are associated with FAI. Slipped
upper femoral epiphysis (SUFE) in childhood has been shown
by various authors to produce FAI in later life.5,6 In addition,
Legg–Calve–Perthes disease,7 developmental hip dysplasia,8 and
malunited fractures of the femoral neck9 are also associated
with the anatomical abnormalities which cause FAI.

A number of studies have demonstrated a genetic compo-
nent to osteoarthritis, with evidence from family and twin stud-
ies indicating vertical transmission of primary osteoarthritis in
Caucasians.10–12 Furthermore, it has been shown that genetic
factors are largely responsible for variations in hip and acetabu-
lar morphology and cartilage thickness.13 FAI resulting from
abnormal hip joint anatomy is responsible for a proportion of
cases of osteoarthritis and is, therefore, likely to involve a signif-
icant genetic component in its aetiology. With wider recogni-
tion of the causes and sequalae of FAI, early diagnosis and
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ABSTRACT

INTRODUCTION Femoro-acetabular impingement (FAI) was first described in 1999 as abnormal abutment between the acetab-
ulum and the femoral head and neck. Since then, it has been shown to be responsible for many acetabular labral tears and is
implicated in the aetiology of osteoarthritis of the hip. This review introduces the concept of FAI and reports the key aspects of
its diagnosis and management.
MATERIALS AND METHODS A comprehensive search of the literature was conducted using the Pubmed database. Articles relat-
ing to the aetiology, pathophysiology, clinical features, diagnosis and treatment of FAI were reviewed. Search terms included
femoro-acetabular impingement, arthroscopic treatment, open treatment, aetiology, pathophysiology. The search was limited to
articles published in English. All articles were read in full by the authors and selected for inclusion based on relevance to the
article.
RESULTS An increasing number of studies relating to FAI have been produced in the 10 years since its recognition. A range of clini-
cal and radiological features have been described. Surgical management can be performed using a number of techniques, with prom-
ising results from various studies. Early treatment with open surgery has paved the way for less invasive and arthroscopic approaches,
with short-to-medium term data demonstrating favourable functional results for arthroscopic treatment of FAI.
CONCLUSIONS A greater awareness of the diagnostic features of FAI, and the various management options available, will allow
timely diagnosis and treatment of a relatively newly recognised syndrome. Early treatment may then help to prevent progres-
sion to end-stage osteoarthritis of the hip.
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effective treatment may help to prevent progression to
osteoarthritis, and reduce the subsequent need for hip
arthroplasty and its associated risks.

Pathophysiology

FAI is divided into two distinct pathomechanical types – cam
type and pincer type (Fig. 1). Cam-type FAI refers to an abnor-
mality in the shape of the femoral head and neck. The lesion is
an osseous prominence at the femoral head-neck junction
which is thought to resemble a cam, a term applied to an eccen-
tric prominence in a rotatingmechanismwhich converts rotary
motion into linear motion. When the hip as flexed, the osseous
prominence makes contact with the anterosuperior aspect of
the acetabulum, resulting in a mechanical blockage to contin-
ued flexion and/or rotation within the acetabulum. The shear
forces transferred from the cam to the acetabulum cause pro-
gressive cartilage erosion, delamination, and progression to
osteoarthritis of the hip joint.14 There is frequently concomitant
damage to the adjacent acetabular labrum, producing localised
inflammatory changes and tears. Cam lesions are greatest at the
lateral and anterior aspects of the femoral neck in younger, pre-
dominantlymale patients, whereas in older, female patients, the
lesion is seen more commonly at the anterior aspect of the
head–neck junction.15

Pincer-type FAI is due to an abnormality on the acetabular
side, with the anterior rim of the acetabulum covering the ante-
rior aspect femoral head over a greater area than usual. This
may be due to acetabular retroversion, in contrast to normal
acetabular anteversion. Alternatively, it may be due to a gener-
alised deepening of the acetabulum, as seen in acetabular pro-
trusio. The resultant anterior coverage of the femoral head by
acetabular bone causes impingement in hip flexion, with direct
contact between the femoral head–neck junction and the
acetabular labrum. Labral inflammatory changes, tears, and
subsequent bony damage to the acetabular rim ensue, with
pain and stiffness in extremes of flexion, and internal/external
rotation. There may also be reciprocal damage to posterior
acetabular cartilage, due to posterior displacement of the
femoral head within the acetabulum at the point of contact
between the femoral neck and the anterior acetabulum.15

Patients may have isolated pincer- or cam-type FAI, or a combi-
nation of both a cam lesion and pincer impingement due to an
acetabular abnormality.16

Clinical features

The diagnosis of FAI is made from characteristic clinical find-
ings and subsequent imaging studies. Clinical features of FAI
include pain on the affected side, felt in the groin in 83% of
patients.17 Pain may also be felt in the gluteal region,
trochanteric region, or in the thigh. Symptoms most commonly
begin as an intermittent discomfort, often during or following
periods of repetitive hip motion (e.g. running, walking), pro-

gressing to more constant and intense pain. Stiffness is com-
mon, with reductions in the range of hip flexion, and internal
rotation in particular. Patients may also complain of clicking,
popping, or snapping sensations in the affected hip.18

Examination findings usually include pain and stiffness in
extremes of flexion and internal rotation. Flexion is often lim-
ited to approximately 90º, and reduced compared with con-

Figure 1 Mechanisms of femoroacetabular impingement. Pincer-
type FAI occurs due to acetabular retroversion, leading to labral and
acetabular damage at the anterior rim (B; shaded area). Cam-type
FAI results from a prominent head-neck junction, leading to chondral
damage within the anterosuperior acetabulum (C; shaded area).
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tralateral hips, and internal rotation may be severely restricted
to just a few degrees. There is usually a positive impingement
sign, with pain on adduction of a flexed, internally rotated hip.19

The FABER test (flexion, abduction, external rotation), in which
the patient crosses the leg on the affected side over the other, in
a figure-of four configuration, with the examinermeasuring the
distance from the ipsilateral knee to the bed when applying
downward pressure to the knee, can be performed. The test is
positive if the distance measured is greater than the equivalent
measurement on the opposite side, when the manoeuvre is
repeated for the contralateral leg.

Diagnosis

Cam lesions are recognisable on plain anteroposterior radi-
ographs of the pelvis with prominent, convex head neck junc-
tions, reduced head–neck offset, and asphericity of the femoral
head. This appearance of the proximal femur has in the past
been referred to as ‘pistol grip deformity’, which has been linked
with osteoarthritis of the hip since the 1970s.20,21

Acetabular retroversion is seen in anteroposterior radi-
ographs as a ‘cross-over sign’. Described by Reynolds and col-
leagues,22 this refers to the appearance of the lateral margin of
the anterior acetabular rim lying laterally in its superior portion
to that of the posterior margin. The anterior rim is seen to cross
the posterior rim as they are both followed inferiorly, with the
anterior margin becoming medial to the posterior margin at its
caudal aspect. Theremay also be acetabular protrusio, visible as
a generalised deepening of the acetabulum on anteroposterior
radiographswith the dome appearing to breach the pelvic brim.
Additionally, radiographic evidence of osteoarthritis of the hip
joint may be present in the presence of long-standing FAI.23

On lateral cross-table radiographs of the hip, femoral head
asphericity in patients with cam-type FAI can be visualised, and
‘alpha angle’ can be measured.24 A quantification of femoral
head asphericity, this refers to the angle between a radial line
from the centre of rotation of the femoral head to the anterior
head-neck junction, and a line from the centre of rotation run-
ning parallel with the longitudinal axis of the femoral neck.
Alpha angle of greater than 55º has been shown to be associat-
ed with an increased likelihood of FAI.21,25 Alternatively, frog-leg
lateral views have been shown to demonstrate cam lesions
accurately.26 Asphericity and alpha angle can also be assessed
using the Dunn 45º view, a lateral radiograph projection with
the hip in 45º of flexion, with a lesser degree of internal rotation
and abduction.27

Magnetic resonance imaging (MRI) for the diagnosis of FAI
has been used with increasing frequency in recent years. Using
gadolinium-enhancedMR arthrography, Noztli et al.25 produced
the first quantitative study of femoral head asphericity, describ-
ing the alpha angle and reporting that values of greater than 55º
are indicative of FAI. UsingMRI, cam lesions of the femoral head
have been shown to be greater at anterosuperior aspects of the

femoral neck in cam impingement compared with pincer-type
FAI. Furthermore, postero-inferior chondral damage within the
acetabulum may be seen, caused by a backwards levering
motion of the femoral head, as the proximal femur impinges
anteriorly during flexion.28

It isworth noting thatmeasurements of alpha angle based on
MRI studies have been shown to be subject to poor intra-observ-
er reliability, with variability between measurements of up to
30%.29 However, it remains a widely used method for the quan-
tification of abnormal proximal femoral morphology relating to
FAI, despite recent evidence suggesting that clinical features
alone may be more reliable a predictor of FAI.30

Measurements in head–neck offset can also be undertaken
using MRI, and evidence of chondral damage and delamination
within the acetabulumor on the femoral headmay also be char-
acterised.31 Defects of the acetabular labrum, such as cystic
degeneration and tears, are most reliably imaged using MR
arthrography.32

In addition toMRI, computed tomography is being used with
increasing frequency. Using 3-dimensional reconstruction of
computed tomography imaging (3D-CT), cam lesions can be
assessed, and alpha angle quantified. The beta angle can also be
measured, which is the angle at which the posterior aspect of
the femoral head becomes aspherical. In addition, calculation of
the alpha–beta angle ratio has been shown to be a more sensi-
tive diagnostic measurement than alpha angle alone in patients
with symptomatic FAI, using 3D-CT.33 Chondral defects are par-
ticularly visible using 3D-CT, such as chondral delamination in
the anterosuperior acetabulum due to cam-type impingement.
In addition, the contour of the head–neck junction can be accu-
rately visualised in 3D-CT, aiding the operating surgeonwith the
planning of subsequent treatment.

Management

Although a number of authors have shown an association
between FAI and subsequent osteoarthritis of the hip joint,
not all patients with FAI will progress to end-stage disease
requiring intervention. It is estimated that one-third of
patients with mild osteoarthritis in the presence of FAI will
takemore than 10 years to develop end-stage osteoarthritis, if at
all.34 The bony abnormalities responsible for FAI are of
unknown prevalence, andmany patients are asymptomatic and
unaware of subtle anatomical aberrations. Incidental cam
lesions or acetabular retroversion, potentially causing labral
damage due to pincer mechanisms, do not necessarily require
operative intervention. A watch-and-wait approach and close
follow-up with a lower limb/pelvic reconstruction service may
be indicated, given the risks associated with either arthroscopic
or open surgical correction. However, clinicians should be
aware that delay of surgical correction may lead to chondral
damage and disease progression, to a stage where joint preser-
vation procedures may be of little benefit.35
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Progression to osteoarthritis of the hip is not ubiquitous and
pathology may be confined to labral injury. As such, conserva-
tive treatment with activity modification to reduce unnecessary
hipmotion and restriction of athletic activities may help, in con-
junction with non-steroidal anti-inflammatory preparations.36 A
peri-acetabular osteotomy may be used for retroversion of the
acetabulum without additional treatment of abnormal femoral
anatomy.

Operative treatment of FAI is principally aimed at reducing
cam lesions and increasing femoral head–neck offset (osteo-
chondroplasty), and treating associated soft tissue lesions such
as labral tears.37 Acetabular recession with labral re-attachment
is increasingly used for pincer lesions but great care is needed
to ensure that overall coverage of the hip is not adversely
reduced.38

Open surgical dislocation of the hip with osteochondroplasty
was the mainstay of early surgical management.39–42 Sub-
sequently, mini-open anterior approaches with the use of
arthroscopic assistance were developed, producing encourag-
ing results in a number of studies.43–45 More recently, as profi-
ciency with arthroscopic techniques has improved, arthroscop-
ic osteochondroplasty and labral debridement have become
increasingly popular for the treatment for FAI, with promising
functional results in a range of studies.

In a prospective analysis of 112 patients undergoing primary
hip arthroscopy for symptomatic FAI, Philippon et al.46 demon-
strated a significant improvement in pre-operative Harris hip
scores (HHS) from a mean of 58 to a postoperative mean of 84,
at a mean follow-up of 2.3 years. Eighty-nine cases underwent
both osteochondroplasty and peri-acetabular osteotomy for
mixed FAI, 23 patients underwent osteoplasty only for isolated
CAM lesions, and 3 underwent acetabular trimming for isolated
pincer FAI.

These results were echoed by Byrd and Jones,47 in a prospec-
tive study of 207 hipswith cam-type (163 hips) or combined cam
and pincer (44 hips) FAI in a total of 200 patients. At aminimum
follow-up of 12 months (mean, 16 months; range, 12–24
months)meanHHS improvedby ameanof 20 points (range, –17
to 60), with 83% of patients showing an improvement at their
most recent follow-up.Of the patients followedup for 2 years, all
HHS scores weremaintained from the 12-month values. Similar
results have been produced in a number of smaller retrospec-
tive series,48–53 but outcome data past the 2-year follow-up mark
are scarce.

In addition to osteochondroplasty, there is evidence to suggest
that repair of the acetabular labrum is associated with a more
favourable functional outcome. In a retrospective comparative
study of 75 hips with either pincer- or combined cam- and pin-
cer-type FAI, all with associated labral defects treated by either
arthroscopic debridement (36 hips) or repair (39 hips), a better
clinical and radiological outcome was seen in the labral repair
group comparedwith the debridement group.54 Further prospec-
tive work is required to assess the benefit of arthroscopic labral

repair versus debridement, in addition to osteochondroplasty, in
the treatment of cam or combined cam and pincer FAI.

Despite improvements in arthroscopic techniques and the
increasing number of surgeons performing such procedures,
arthroscopic treatment of FAI remains a relatively new tech-
nique. As a result, medium- to long-term data relating to hip
arthroscopy for FAI are elusive. Open surgery remains a viable
treatment option, but differences in recovery times compared
with arthroscopic treatmentmake this a less attractive option. In
one study of open treatment of FAI, Beaule et al.42 reported an
improvement inmeanpre-operativeWOMACscore from61.2 to
81.4 at a mean follow-up time of 3.1 years (P < 0.001). The post-
operative recovery period involved partial weight-bearing with
the use of crutches for 6 weeks, followed by physiotherapy for a
further 6–8 weeks. Of the 34 patients studied, 9 required further
surgery for removal of metal from the greater trochanter due to
persistent bursitis. Additionally, 6 patients were dissatisfied with
the outcome.

By contrast, arthroscopic treatment allowsweight-bearing as
tolerated in the immediate postoperative period, with range-of-
motion and strengthening exercises commenced early. Some
authors continue to protect from impact loading for a period of
3months. In addition,microfracture of chondral surfaces due to
significant cartilage loss would necessitate protected weight-
bearing status for the first 2 months.40 Following this period,
most patients are able to resume a normal level of activity
although athletes frequently require a further 1–3 months
before a return to full levels of activity.47

Conclusions

Femoro-acetabular impingement is increasingly being recog-
nised as a cause of hip pain in young, active individuals. As
arthroscopic treatment becomesmore wide-spread, data on the
medium- to long-term outcomes will provide surgeons with
agreed standards for treatment. Awareness of the clinical and
radiological features of FAI, in addition to treatment options
available and their efficacy, will aid clinicians in early diagnosis.
This may help to prevent progression to osteoarthritis, and the
consequent need for hip arthroplasty procedures.
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